Clusters of galaxies are embedded in halos of optically thin, gravitationally stratified, weakly magnetized plasma at the system's virial temperature. Due to radiative cooling and anisotropic heat conduction, such intracluster medium (ICM) is subject to local instabilities, which are combinations of the thermal, magnetothermal and heat-flux-driven buoyancy instabilities. If the ICM rotates significantly, its stability properties are substantially modified and, in particular, also the magnetorotational instability (MRI) can play an important role. We study simple models of rotating cool-core clusters and we demonstrate that the MRI can be the dominant instability over significant portions of the clusters, with possible implications for the dynamics and evolution of the cool cores. Our results give further motivation for measuring the rotation of the ICM with future X-ray missions such as ASTRO-H and ATHENA.
Introduction
Galaxy clusters are embedded in gaseous halos at the system's virial temperature (10 7 − 10 8 K). Such intracluster medium (ICM) is a dilute, weakly magnetized plasma, stratified in the cluster gravitational potential. The question of the local stability of the ICM is a fundamental piece in the puzzle of the evolution of clusters and in particular of cool-core clusters, in which the cooling time of the plasma in the central regions is shorter than the cluster age. The results of linear-stability analysis and magnetohydrodynamics (MHD) simulations indicate that, due to the joint effect of radiative cooling and anisotropic heat conduction, the ICM is subject to several local instabilities, which are combinations of the thermal instability (TI; Field 1965), the magnetothermal instability (MTI; Balbus 2000) and the heat-flux-driven buoyancy instability (HBI; Quataert 2008) . Cosmological hydrodynamic simulations suggest that the X-ray emitting halos of clusters, though mainly pressure supported, might rotate significantly (Fang et al. 2009; Lau et al. 2012) , with a contribution of rotation especially important in the cool cores of relaxed clusters . Observationally, the most direct signature of ICM rotation would be the spatially resolved measure of shifted X-ray emission line centroids. Unfortunately, given the relatively poor spectral resolution ( 100 eV) of currently available X-ray instruments, so far there are no meaningful constraints on rotation based on such a measure, which requires the spectral capabilities of the up-coming X-ray calorimeters on board of ASTRO-H (Takahashi et al. 2014; Kitayama et al. 2014) and ATHENA . Spatially unresolved rotation contributes, together with the turbulence, to the emission line broadening: the present observational measures of the X-ray emission line widths (Sanders & Fabian 2013; Pinto et al. 2015) , even when combined with measures of the flattening of the X-ray isophotes, leave ample room for rotational motions (Bianconi et al. 2013, hereafter BEN13) . If the ICM rotates, its stability properties are substantially modified (Balbus 2001; Nipoti 2010) and, in particular, also the magnetorotational instability (MRI; Balbus & Hawley 1991 ; see also Velikhov 1959 and Chandrasekhar 1960) can play an important role (Nipoti & Posti 2014, hereafter NP14) .
The linear evolution of local axisymmetric perturbations in a stratified, rotating, radiatively cooling, weakly magnetized plasma is determined by the dispersion relation derived in Nipoti & Posti (2013, hereafter NP13) . NP14 studied the nature of the instabilities of such a plasma in two illustrative cases, generically representative of the physical conditions in galactic and cluster atmospheres. Here we focus on the cool cores of galaxy clusters and we discuss the stability properties of rotating cool-core models built on the basis of the work of BEN13. The present study extends the results of NP14, as here we study the nature and linear growth rate of the plasma instabilities throughout observationally motivated cool-core cluster models. In this work we limit ourselves to axisymmetric perturbations, but the results of NP14 suggest that the study of nonaxisymmetric disturbances should lead to similar conclusions. Though we consider global cluster models, we study only the stability against local perturbations, i.e. disturbances with sizes much smaller than the characteristic scale-lengths of the system. In addition to the local instabilities found in the present study, the ICM could be subject to global unstable modes (e.g. Latter & Kunz 2012) , which by construction would elude our analysis.
The paper is organized as follows. The governing MHD equations are given in Section 2, the unperturbed models are presented in Section 3 and the dispersion relation obtained from the linear-stability analysis is given in Section 4. Section 5 describes the properties of the local instabilities occurring in the cluster models and Section 6 concludes.
Governing equations
A stratified, rotating, magnetized, dilute plasma in the presence of thermal conduction and radiative cooling is governed by the following MHD equations:
with the additional condition ∇ · B = 0. Here ρ, p, T , v and B are, respectively, the density, pressure, temperature, velocity and magnetic field of the fluid, Φ is the external gravitational potential (we neglect self-gravity), γ = 5/3 is the adiabatic index, H is the heating rate per unit volume, L = L(T, ρ) is the radiative energy loss per unit mass of fluid, and
is the conductive heat flux, where χ ≡ κT 5/2 is Spitzer (1962) electron conductivity with κ ≃ 1.84 × 10 −5 (ln Λ) −1 erg s −1 cm −1 K −7/2 and ln Λ is the Coulomb logarithm. Neglecting the weak temperature and density dependence of ln Λ, here we fix ln Λ = 30, so κ is a constant and χ = χ(T ) ∝ T 5/2 . As we consider rotating fluids, we work in cylindrical coordinates (R, φ, z), where R = 0 is the rotation axis. The governing equations (2.1-2.4) are given explicitly in cylindrical coordinates in Appendix A.
The expression (2.5) for Q accounts for the fact that in a dilute magnetized plasma heat is significantly transported by electrons only along the magnetic field lines. For simplicity, even if the medium is magnetized, we have assumed that the pressure is isotropic, neglecting the fact that momentum transport is anisotropic in the presence of a magnetic field (i.e. the so-called Braginskii viscosity; Braginskii 1965) . Though this approximation is not rigorously justified, we adopt it in the working hypothesis that anisotropic pressure is not the crucial factor in determining the dominant instabilities of a rotating ICM. The importance of the effects of the Braginskii viscosity on plasma stability is debated (Kunz 2011; Latter & Kunz 2012; Parrish et al. 2012) , so the limits of this approximation must be taken into account when interpreting the results of the present work.
The term H in equation (2.4) represents an unspecified source of heating that is expected to counteract radiative cooling and prevent a cooling catastrophe. There is general consensus that heat conduction cannot be entirely responsible for halting cooling flows (e.g. Parrish et al. 2009 ) and that other sources of heating, such as feedback from the central active galactic nucleus (AGN), must be at work to balance cooling in a timeaveraged sense. In the absence of physically motivated and analytically tractable models of such a heating term, here we just consider a toy model in which, for a given cluster model, H is a fixed position-dependent function (for a discussion see McCourt et al. 2012) : the main results of this work are independent of this approximation, though very crude.
Cool-core cluster models
We consider here three rotating cool-core cluster models (named C1, C2 and C3), which are slightly modified versions of those presented in BEN13 (indicated as CC1, CC2 and CC3 in that paper). In all these models, which represent massive galaxy clusters, the total gravitational potential Φ is given by a spherical † Navarro-Frenk-White (NFW) model (Navarro et al. 1995) with virial mass M 200 = 10 15 M ⊙ , scale radius r s = 519 kpc and virial radius r 200 = 2066 kpc. The plasma rotates differentially with azimuthal velocity v 0φ = ΩR, where Ω = Ω(R) is the angular velocity and the rotation law is different in the three models (see section 2.3 of BEN13). The other velocity components are null. Assuming that the ICM magnetic field is dynamically unimportant, we construct the unperturbed pressure p 0 = p 0 (R, z), density ρ 0 = ρ 0 (R, z) and temperature T 0 = T 0 (R, z) fields as axisymmetric stationary solutions of equations (2.1-2.2) with B = 0. As Ω does not depend on z, the gas distribution is barotropic (ρ 0 , p 0 and T 0 are stratified on † In a more realistic model the total gravitational potential would be axisymmetric or triaxial. Though idealized, a model with spherical potential is an interesting limiting case because the flattening of the ICM distribution is entirely due to rotation. the surfaces of constant effective potential). In particular, the plasma is modeled as an equilibrium two-component composite polytrope with outer polytropic indexγ out = 1.14 and inner polytropic indexγ in < 1, so the ICM temperature decreases outwards in the outer regions and increases outwards in the inner regions (cool core). The parameters of models C1, C2 and C3 are, respectively, the same as those of models CC1, CC2 and CC3 of BEN13, with the only exception of the inner polytropic indexγ in , which isγ in = 0.49 in model C1,γ in = 0.43 in model C2,γ in = 0.56 in model C3 (these values, smaller than in BEN13, lead to higher central densities and lower central temperatures). The plasma temperature is in the range 2 − 7 keV and the size of the cool core is about 140 kpc in the equatorial plane. As in BEN13, we assume that the ICM metallicity is everywhere 3/10 of the solar metallicity. Figs. 1-4 plot the radial profiles, in the equatorial plane, of electron number density n e0 , temperature T 0 , rotation speed v 0φ and angular velocity Ω. As discussed in BEN13, the above models of rotating clusters are realistic, in the sense that they are consistent with the current measurements of the ellipticity of the X-ray isophotes and of the width of the X-ray emission lines. Additional constraints on the rotation of the ICM derive from the so-called hydrostatic mass bias, that is the discrepancy between cluster mass estimates from gravitational lensing and those based on the assumption that the ICM is in hydrostatic equilibrium. In Appendix B we show that models C1, C2 and C3 are realistic also in this respect. Given a cluster model, we assume that the heating term H = H(R, z) appearing in the energy equation (2.4) is such that H − ρ 0 L(T 0 , ρ 0 ) − ∇ · Q 0 = 0, where Q 0 is the unperturbed conductive heat flux. We remark that in our models H is not a function of the hydrodynamic variables, but depends explicitly on the coordinates R and z. To complete our cluster models we must specify the properties of the unperturbed magnetic field B 0 , which, though not relevant to the equilibrium configuration (because β ≡ 8πp 0 /B 2 0 ≫ 1), influences the stability of the ICM. We do not attempt a full characterization of the magnetic field throughout the global cluster model. For simplicity, in this work we focus only on the equatorial plane z = 0, and we specify locally B 0 as a function of cylindrical radius R. The stationary unperturbed magnetic field must satisfy Ferraro (1937) isorotation law B 0 · ∇Ω = 0, so B 0R = 0 in the considered barotropic distributions. For each cluster model, we consider two cases: one in which the only nonvanishing component of the unperturbed magnetic field is B 0z (so B 0φ = 0) and another in which both B 0z and B 0φ are non-vanishing (B 0φ /B 0z = 10). In all cases, given the unperturbed pressure distribution p 0 , the unperturbed magnetic field modulus is fixed by imposing a constant value of β such that at the centre B 0 = 10µG (consistent with observational estimates; e.g. Brüggen 2013), i.e. β = 29.3 for model C1, β = 26.8 for model C2 and β = 89 for model C3. The profiles of the magnetic field modulus for the three models are shown in Fig. 5 . We note that in the equatorial plane the unperturbed conductive heat flux Q 0 vanishes, because at z = 0 the magnetic field lines are isothermal (the only non vanishing component of the temperature gradient is the radial one, which, combined with B 0R = 0, implies Q 0 = 0), so the condition of energy balance is simply
Linear stability analysis
The stability analysis is performed by linearizing the system (2.1-2.4) with local axisymmetric Eulerian perturbations of the form f e −iωt+ikRR+ikzz with |f | ≪ |f 0 |, where f 0 is the unperturbed quantity, ω is the perturbation frequency, and k R and k z are, respectively, the radial and vertical components of the perturbation wave-vector k. In the short wave-length and low frequency approximation, the resulting dispersion relation for n ≡ −iω is (NP13)
where the quantities indicated with subscripted ω are characteristic frequencies related to local properties of the unperturbed distribution and of the wave-vector. Specifically, ω d ≡ ω th + ω c,a , where ω th is the TI frequency and ω c,a is the anisotropic thermal conduction frequency, ω BV is the Brunt-Väisälä frequency, ω rot is the angular momentum gradient frequency, ω A is the Alfvén frequency, and ω c,mag and ω c,φ are two other frequencies associated with thermal conduction mediated by the magnetic field (all the definitions are given in NP13). The radiative energy loss per unit mass of fluid L(ρ 0 , T 0 ), appearing in ω th (see NP13), is computed using the collisional ionization equilibrium cooling function of Sutherland & Dopita (1993) . In the dispersion relation (4.1) there are no terms related to the heating source H appearing in equation (2.4), because we are considering Eulerian perturbations at a fixed point in space and H is a function of position, but not of the hydrodynamic variables. For fixed wave-vector k, given a cool-core cluster model (see Section 3), the coefficients of equation (4.1) are fully determined, so the problem of the local linear stability of the plasma is reduced to finding the roots of a polynomial equation.
Results
For each of the considered cluster models, at different radii R in the equatorial plane, for given wave-vector k we numerically computed the solutions of the dispersion relation (4.1) using the idl (Interactive Data Language) routine fz roots (as in NP14). Depending on the signs of their real (R n ) and imaginary (I n ) parts, the solutions are classified as stable (R n 0), overstable (R n > 0, I n = 0) or monotonically unstable (R n > 0, I n = 0) modes. As overstable linear disturbances are unlikely to enter the non-linear regime (Malagoli et al. 1987; Binney et al. 2009 ), here we focus only on the more interesting monotonically unstable linear modes. For each model we compute, as a function of radius R, the growth rate n inst of the fastest-growing monotonically unstable mode. At each radius, n inst is calculated considering modes with wave-number k = k 2 R + k 2 z in the range 10 < kh < 1000, where h ≡ (|∇p|/p) −1 is the pressure scale-height, which depends on R: this guarantees that the perturbation wave-length is short with respect to the characteristic scales of the system at all radii. The radial-to-vertical wave-number ratio k R /k z is allowed to vary in the range −25 k R /k z 25.
As discussed in NP13 and NP14, in general the instabilities of rotating, weakly magnetized, radiatively cooling plasmas arise from combinations of TI, MTI, HBI and MRI. In order to understand the physical consequences of the instability it is important to determine the nature of the dominant unstable modes. NP14 have shown that, though the different modes are entangled, it is possible to identify the different branches of the solutions in terms of combinations of well-known modes (TI, MRI, MTI, HBI, rotation, buoyancy and Alfvén modes). In practice, this is done by inspecting the behaviour and the growth rates of the individual branches of the solutions as functions of the wavenumber and comparing the results with those obtained for simpler configurations (for instance in the absence of radiative cooling, rotation or magnetic field). Applying this technique to the cluster models here considered, we have been able to identify the nature of the dominant instabilities at different radii.
It is useful to compare the maximum instability growth rate n inst with the characteristic rates of radiative cooling and of the MRI. Therefore, we define the cooling rate
which for each unperturbed model is a function of position (here µ = 0.59 is the mean mass per particle in units of the proton mass m p ). The MRI growth rate n MRI is the maximum growth rate of monotonically unstable modes that are solutions of the dispersion relation (Balbus & Hawley 1991) 
which is obtained from the more general dispersion relation (4.1) in the limit of absence of radiative cooling and thermal conduction (ω d = 0, ω c,mag = 0, ω c,φ = 0). As well known, the TI growth rate |ω th | is of the order of, but typically somewhat higher than the cooling rate n cool , which is at the basis of the existence of the TI in astrophysical plasmas (Field 1965) . The MRI growth rate n MRI is proportional to the plasma angular velocity Ω (Balbus & Hawley 1991) . As mentioned in Section 3, for each cluster model, we consider two cases: one in which B 0φ = 0 and another in which B 0φ /B 0z = 10 at all radii. The only difference between these two families of model is the value of the ratio B 0φ /B 0z : all the other properties are the same, including the radial profile of the magnetic field modulus, which is shown in Fig. 5 . Figure 7 . Instability (tinst), cooling (t cool ) and MRI (tMRI) timescales normalized to the free-fall time t ff as functions of radius in the equatorial plane of the same models as in Fig. 6 . 5.1. Models with vanishing azimuthal magnetic field (B 0φ = 0) Fig. 6 plots, as a function of radius, the maximum growth rate n inst in the equatorial plane of models C1, C2 and C3 when B 0φ = 0. For comparison, the cooling (n cool ) and MRI (n MRI ) rates are also plotted for the same models. All models are unstable in their cool core, while no monotonically unstable modes are found at R 80 kpc. Model C1 is unstable for MRI in the inner ∼ 10 kpc (instability timescale ∼ 10 8 yr), while at larger radii the system is unstable for TI (instability timescale ∼ 10 9 yr, of the order of the cooling time). Models C2 and C3 are not unstable for MRI, but present TI modes throughout the cool core with instability timescales between 5 × 10 8 and 5×10
9 yr. Together with the absolute timescales, it is also useful to consider the timescales normalized to the local dynamical ("free-fall") time t ff ≡ [2r/g(r)] 1/2 , where g = dΦ/dr is the modulus of the gravitational force and r is the radial spherical coordinate. Fig. 7 plots, as functions of radius, the instability (t inst ≡ n −1 inst ), cooling (t cool ≡ n −1 cool ) and MRI (t MRI ≡ n −1 MRI ) timescales normalized to t ff . It is apparent that, when present, the MRI grows on timescales as short as 5t ff , while the TI timescale is typically 10 − 100t ff .
Though all models satisfy at all radii the necessary condition to have MRI (B 0z = 0 and dΩ/dR < 0; see Fig. 4 ), MRI modes are present only in the inner core of model C1. We recall that the MRI occurs only for wave-numbers smaller than a critical wavenumber k MRI , which, with the exception of the centre of model C1, is outside the explored wave-number interval (in other words, short wave-length perturbations are not unstable for MRI in these cases). Neither the HBI nor the MTI contributes to the unstable modes: these instabilities are related to anisotropic thermal conduction and can occur when the temperature either increases (HBI) or decreases (MTI) outwards. In the cool core the temperature increases outwards, but the magnetic field lines are isothermal so no HBI is expected. Out of the cool core the temperature decreases outwards, so in principle the MTI might occur, but in fact no MTI modes are found in the explored wave-vector space. Similarly to the MRI, the MTI occurs only for wave-numbers smaller than a critical wavenumber k MTI (Balbus 2000) , which is out of the explored wave-number interval (as it happens for the MRI, short wave-length disturbances are not unstable for MTI in these cases).
5.2. Models with dominant azimuthal magnetic field (B 0φ /B 0z = 10) Figs. 8-9 plot for models C1, C2 and C3 the same quantities as Figs. 6-7, but under the assumption that the azimuthal magnetic field component is dominant (B 0φ /B 0z = 10). In this case all models present monotonically unstable modes out to large radii (∼ Mpc). At all radii the unstable modes of model C1 have growth rate much higher than the cooling rate: the MRI dominates throughout the cool core, while in the cluster outskirts the unstable modes are driven by the MTI. Model C2 presents TI modes in the inner parts of the cool core, MRI modes in the intermediate radial range (10 − 100 kpc) and MTI modes in the outskirts. Model C3, which has the lowest rotation speed at all radii (Fig. 3) is stable against MRI even when B 0φ is dominant: its unstable modes are driven by TI in the cool core and by MTI in the outer regions where the temperature gradient is negative. In the explored models, both the MRI and the MTI modes have remarkably short timescales, of the order of a few local dynamical times. In absolute terms the MRI modes are fastest with growth times as short as ∼ 10 8 yr in the core. Comparing Figs. 8-9 with Figs. 6-7 it is apparent that the instabilities are stronger and more widespread when the magnetic field is dominated by the azimuthal component. The driving factor in determining these differences is not the presence of an azimuthal magnetic field component, but the fact that when B 0φ is dominant, the vertical component of the magnetic field is weaker (at fixed B 0 ). As pointed out above, the MRI and the MTI Figure 9 . Instability (tinst), cooling (t cool ) and MRI (tMRI) timescales normalized to the free-fall time t ff as functions of radius in the equatorial plane of the same models as in Fig. 8. occur only for wave-numbers smaller than critical values (k MRI and k MTI , respectively). Both k MRI and k MTI are inversely proportional to the magnetic field component coupled with the wave-vector (Balbus & Hawley 1991; Balbus 2000) , which in the present case is just B 0z . When the azimuthal magnetic field is dominant, the vertical magnetic field is sufficiently weak to trigger the MRI throughout the cores of models C1 and C2, and the MTI in the outer regions of all models. It is also the case that k MRI increases for increasing angular velocity gradient, which explains why the MRI manifests itself in models C1 and C2, which have stronger angular velocity gradients than model C3 (see Fig. 4 ). When present, both the MRI and the MTI have growth rates much higher than the local cooling rate: the fastest instability is the MRI, which acts on timescales 10 8 − 10 9 yr.
Conclusions
Building upon the results of NP13, NP14 and BEN13, in this paper we have studied local instabilities arising from axisymmetric perturbations in rotating cool-core clusters. For the sake of simplicity we limited ourselves to somewhat idealized cluster models. Notwithstanding these limitations, our calculations should catch the essential properties of more realistic cluster models that could be built in the near future, especially when more observational constraints on the ICM rotation are available, thanks to the nextgeneration X-ray missions such as ASTRO-H and ATHENA.
The results of the linear stability analysis of the rotating cool-core cluster models here presented show that, depending on the ICM properties, TI, MTI and MRI can occur at different radii in the equatorial plane (where, by construction, our models exclude the HBI, which however can play a role in more general configurations). What are the astrophysical consequences of these instabilities?
In principle, monotonically unstable TI modes can lead to local condensation of cold gas out of the hot plasma and therefore to a multiphase ICM. However, given that the growth rate of TIs is of the order of the cooling rate, the evolution of thermally unstable modes depend on the details of the balance of heating and cooling in the unperturbed fluid. While heat conduction always tend to damp thermal perturbations, other heating mechanisms such as AGN feedback have more complex effects and can in some cases even favour cooling instabilities (e.g. Ciotti & Ostriker 2007; Gaspari et al. 2012) . Therefore, it is not possible to draw robust conclusions on condensational modes based on the models here considered, in which we have adopted a very simple ad hoc heating source to balance radiative losses in the background plasma. Multiphase plasma is detected in cluster cool cores (Heckman 1981) , but the origin of the colder medium is still debated. The observed correlation between presence of multiphase gas and short cooling time (low entropy) in cluster cores (e.g. Voit & Donahue 2015) does not necessarily imply that the cold gas is produced by TI (Nipoti & Binney 2004) .
As far as the MTI is concerned, our results confirm previous findings that the MTI can be the dominant instability out of the cluster core. As in non-rotating ICM models, the MTI can affect the outer regions of the cluster (where the temperature decreases outwards) on times scales as short as a few local dynamical times, potentially driving strong turbulence in the non-linear regime (McCourt et al. 2011) . We recall that our models do not account self-consistently for anisotropic momentum transport, which in principle can affect the behaviour of the MTI. However, it has been shown that, at least in non-rotating systems, the effects of the Braginskii viscosity, which can be significant for the HBI (Latter & Kunz 2012) , are almost negligible for the MTI .
The most interesting instabilities among those found in this work are the MRI modes in the cool cores. show that the MRI rates are remarkably high, with associated timescales 10 8 − 10 9 yr (a few local dynamical times): this suggest that the MRI can have an important impact on cool cores. The MRI timescales are substantially shorter than the cooling time, so this conclusion is robust against uncertainties on the balance of heating and cooling in the core. The Braginskii viscosity, which is neglected in our calculations, could even enhance the growth rates of these dominant MRI modes (Quataert et al. 2002; Balbus 2004) . Studies of weakly magnetized accretion discs (Balbus et al. 1994) have shown that the MRI is expected to drive turbulence, with associated energy and angular momentum transport. These MRI-driven dissipative processes can contribute substantially to the dynamics and evolution of cluster cool cores, if they rotate significantly. The MRI could be the engine of turbulent heating, which is believed to be an efficient mechanism to halt cooling flows in galaxy clusters (Zhuravleva et al. 2014) . A natural development of the present work will be a quantitative estimate of the effect of the MRI on the energy balance and accretion rate of the plasma in cluster cool cores.
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Appendix A. Governing equations in cylindrical coordinates
In cylindrical coordinates the governing equations (2.1-2.4) read
)
where we have assumed that the gravitational potential is axisymmetric and we have used ∇ · B = 0 in writing the three components (equations A 5-A 7) of the induction equation (2.3). 
Appendix B. Hydrostatic mass bias
The estimate of the mass of galaxy clusters is mainly based on X-ray and gravitational lensing data. Mass estimates from X-rays are obtained in general under the assumption that the gas is in hydrostatic equilibrium, while mass estimates from gravitational lensing do not depend on the kinematics of gas. Deviations from hydrostatic equilibrium (due to rotation, bulk motions or turbulence) produce a discrepancy between the mass estimated from X-ray data and the mass estimated from gravitational lensing. Such a discrepancy, which is usually called hydrostatic mass bias, can be quantified by measuring within a sphere of radius r the ratio M therm (r)/M true (r), where M true is the true mass and M therm is the mass computed assuming that gravity is balanced only by the thermal-pressure gradient .
The ratio M therm /M true is estimated in hydrodynamic cosmological simulations to be around 0.8 − 0.9, with a slight variation with radius out to r 200 and a scatter of about 20 per cent (Meneghetti et al. 2010; Nelson et al. 2014) . When X-ray simulated observations are used to mimic typical X-ray exposures, Rasia et al. (2012) show that temperature inhomogeneities could affect further the hydrostatic mass reconstruction by reducing M therm /M true to 0.65 − 0.75. On the observational side, we cannot probe the "true" mass but only a reasonable proxy for it as provided by gravitational lensing estimates. Programs like Weighing the Giants (WtG, von der Linden et al. 2014), CLASH , and the Canadian Cluster Comparison Project (CCCP, Hoekstra et al. 2015) obtain values of the hydrostatic-to-lensing mass ratio in the range of 0.7 − 0.8, although differences up to 40 per cent in either the weak lensing or X-ray mass measurement among different research groups are still measured (Sereno & Ettori 2015) .
For models of rotating cluster such as C1, C2 and C3 (see Section 3) M therm < M true , because of the presence of rotational support. Models in which rotational support is more important are characterized by lower values of M therm /M true : for a rotating model to be realistic, it must have M therm /M true higher than the aforementioned observed values. It is therefore interesting to estimate the hydrostatic mass bias for models C1, C2 and C3. In all three cases M true (r) is just given by the spherically symmetric NFW mass distribution responsible for the total cluster potential (see Section 3). Following Lau et al. (2013) , the hydrostatic mass profile can be computed as
where the symbol · · · indicates an average over angles at fixed spherical radial coordinate r. We construct ρ 0 and p 0 by interpolating ρ 0 (R, Z) and p 0 (R, z) in spherical coordinates (r, θ) and then computing the average over θ, at fixed r. The profiles of M therm /M true for models C1, C2 and C3 are shown in Fig. 10 . The minimum values of M therm /M true are 0.76, 0.66 and 0.94, for models C1, C2 and C3, respectively. However, these minima occur within the cool-core region (r < 100 kpc), in which the hydrostatic mass bias is not easily measured observationally. The minimum values of M therm /M true in the radial range r s r r 200 (i.e. 0.5 r/ Mpc 2), which is representative of the region typically probed by weak gravitational lensing, are 0.88 (C1), 0.90 (C2) and 0.98 (C3), consistent with the observational limits.
